Abstract. In this paper, the zirconia corundum ceramic particles reinforced high chromium cast iron matrix wear resistant composite material was produced by vacuum infiltration casting. The experimental results show that the nickel plating on the surface of the ceramic was beneficial to the infiltration of the molten metal. The interface of the composite was dense without defects and uniform particle distribution in the composite. Based on the dynamic analysis of the infiltration process, the mechanism of casting infiltration was expounded detailedly. The friction and wear experiments show that the wear resistance of the composites is 1.93 times of high chromium cast iron and the life was greatly improved. The morphology analysis results show that the wear resistance of the composites was low stress abrasive wear, so the wear mechanism was micro cutting of abrasive grains.
Introduction
Wear resistant glasses plate is the most vulnerable parts of the slurry pump. It needs to withstand erosion wear and corrosion of the flow medium in the process of transporting coal slime, gangue and so on, so that its service life is very short. The technical requirements of the part is high and the manufacturing is difficult, even if the part size is small. Therefore, in view of this work in the harsh conditions of the parts, if we can adopt a simple and effective preparation process, the high hardness of the working surface can be obtained under the premise of ensuring a certain impact toughness. That will greatly improve the service life and reduce costs. In this paper, zirconium corundum ceramic particles were used to enhance high chromium cast iron to prepare the surface composite material. The surface of the ceramic particles was treated with nickel plating, which can make the metal particles well wetting, so as to reduce the resistance of casting infiltration, finally to prepare the composites with good wear resistance [1] .
Preparation of Composite Materials Experimental Process and Method
In this article the wear resistant composite material was prepared by vacuum infiltration casting method and the foam mold was the most common polystyrene material. The foam plate was cut out of the sample, the cross runner, the sprue and the inner by using the electric resistance wire. The sample size was 30*15*10mm. The zirconium corundum ceramic particles were coated after roughening, sensitization and activation. Then the 20 orders nickel plating and non nickel plated ceramic particles were coated on the surface of the foam sample, and each foam sample was coated with 10g ceramic particles. The binder which the coating thickness about 5mm was used for the lost foam common cold glue. After the sample was placed in the drying chamber, the foam sample and the pouring system were bonded into a whole. Then dip coating, drying stand-by [2] .
Putting the lost foam sample of prepared before into the sand box and ceramic particles coated face up. After dry sand compaction, scraping, covered with plastic film and putted the pouring cup on the top. The vacuum pump was used to form negative pressure, and the vacuum degree was 0.05mpa [3] . And then use the baked temperature of 1520 degrees celsius to pour the molten metal. The casting process has been to maintain a negative pressure. That was conducive to the timely discharge of gas sample gasification generation, but also for the liquid metal infiltration layer of ceramic particles provide power so making the combination more compact. And that could also avoid the formation of casting defects such as pore. After pouring, released the vacuum and took out the casting.
Experimental Result
The composite specimens with nickel free ceramic particles and nickel coated ceramic particles are polished individually as shown in figure 1 . It can be seen that under the negative pressure casting of the lost foam, the composite effect of the nickel free ceramic particles and the high chromium cast iron is very poor that ceramic particles exposed on the surface of the metal substrate. This means that even if the negative pressure is provided so as to increase the power of infiltration into the ceramic particles from the outside, the two are still not a good combination because the metal liquid and ceramic particles aree almost wetting [4] . The addition of nickel zirconium corundum ceramic particle composite castings is smooth and no obvious casting defects. No overall peeling of the ceramic particles is observed in the process of using the angle grinder to polish the casting, indicating that the ceramic particles and metal matrix bonding firm. 
Microstructure and Energy Spectrum Analysis of Composites
First, preparation of analytical sample, and the microstructure of the composites containing nickel zirconium corundum is observed by scanning electron microscopy. The results as shown in figure 2.
(a) Low magnification (b) High-power appearance The bright white part of the picture is ceramic particles, and the gray part is high chromium cast iron metal matrix. As can be seen that the uniform dispersion of ceramic particles in the metal matrix, ceramic particle integrity is good and no obvious fragmentation. There is no contact between the ceramic particles and disperse in the matrix. It indicate that the molten metal is completely filled between the ceramic particles at high temperatures.
It can be seen from figure 2 that ceramic particles and high-chromium cast iron composite interface are dense and structured. In the 500 times the magnification, the composite interface is still a good combination, no shrinkage and other defects. Ceramic particles have higher integrity which no broken cracking and other phenomena, even in the edge of the particles with high thermal stress, there is no obvious crack. Indicating that zirconia phase transformation toughening of zirconia corundum composition play a role. The mechanism of this method is that, when the zirconia in the ceramic particles decreases from the high temperature to about 1100 ° C, the tetragonal zirconia in the ceramic particles undergoes martensitic transformation to monoclinic zirconia during the cooling of the molten metal, and the volume expansion at the same time. The volume expansion of the phase change particles produces a compressive strain to suppress the extension of the microcracks, ensuring the integrity of the ceramic particles [5] . In addition, the cooling shrinkage during the solidification of the molten metal and the expansion of the volume of the ceramic particles also make the composite interface more tight and firm, and it is very useful for the improvement of the abrasion resistance of the material.
And then scan the composite interface surface, the analysis results shown in figure 3 . The highlight of the surface distribution of al element represents the area of ceramic particles. fe, cr element surface distribution highlights the high part of the representative of the high chromium cast iron matrix area. It can be seen from the figure that the boundary between ceramic particles and high chromium cast iron matrix is very clear. The sporadically dispersed al elements in the metal matrix region should be entrained in the molten iron smelting process. Near the interface there is no obvious transition zone, which shows that zirconia corundum particles and high chromium cast iron melt almost no chemical reaction. There is no diffusion of elements between the two, and the interfacial bonding mechanism should be mechanical bonding. 
Analysis of Composite Mechanism of Materials
During the filling process of liquid metal, the foam mold in the cavity is quickly melted by the high temperature metal liquid, and the molten metal is started to melt into the ceramic particle layer. There are the static pressure of molten metal and the external negative pressure applied by the vacuum pump as the power of the casting in this process. And the resistance of the casting infiltration includes the internal air resistance of the sand type, the gas resistance released by the polystyrene foam, the coating cold glue and the internal friction. When the high temperature molten iron flows between the ceramic particles, the wetting angle between the molten iron and the nickel plating layer is less than 90 °. The gas on the surface of microcosmic uneven ceramic particles is easily arranged by the iron liquid, so that the zirconium corundum and the high chromium cast iron are directly contacted by the plating layer. Therefore, the interface of composite castings is closely linked [6] .
Subsequently, the nickel plating layer is melted and diffused into the metal matrix at high temperature, which is equivalent to adding alloying elements to the region of high chromium cast iron near the composite interface. It has a great influence on improving the wettability of the metal to ceramics. The adsorption and enrichment of alloying elements on the surface of liquid metal and solid liquid interface can reduce the surface tension of liquid metal and the interfacial tension between liquid and solid, which also produce the interface with a dense effect [7] . In the solidification process of the molten metal, on the one hand due to zirconia corundum particles martensitic transformation, volume expansion and small thermal expansion coefficient of ceramics, metal matrix shrink more closely wrapped ceramic particles in cooling process. Improving the ceramic particles and the matrix of the ability to effectively prevent the ceramic particles overall peeling under the abrasive wear conditions; On the other hand, the metal matrix is connected together, and the whole ceramic particles are completely surrounded by the metal matrix, so that it is more conducive to improve the overall impact toughness of the composite.
Friction and Wear Test of Composite Castings
The wear resistance test of the material was carried out by using the disc type friction and wear tester. The operating parameters includes 900r/min rotational speed, 66n normal load and 100s wear time.
Finally test results are shown in table 1. As can be seen from the above table, the relative wear resistance of as cast composite castings is 1.93 times as high as that of as cast pure high chromium cast iron. It means that the wear resistance of the as cast composite castings is greatly improved, with a high practical significance of production. In order to further study the wear mechanism of the composite material, the wear surface of the tested specimen is analyzed, as shown in figure 4 . At the beginning of the wear, as shown in figure 4 (a), a small amount of shallow furrows appeared on the surface of the metal substrate. The ceramic particles are still intact, and the surface of the particles is not scratched. The composite interface is clearly visible and the matrix in the furrows terminated in the composite interface. Wear medium as shown in figure 4 (b) shows, can see the number of furrows in metal matrix significantly increased. The surface of the ceramic particles begin to scratches. At the same time, because of the hardness of ceramic particles is much higher than that of the metal matrix, on both sides of the composite interface presented ladder-like drop after wear. Ceramic particles are significantly higher than the metal matrix. The grinding metal in the matrix is deposited at the edge of the composite interface along with the furrow's termination. The furrow in the metal matrix at the end of the wear is further deepened as shown in figure 4 (c) . The edge of ceramic particles appeared potholes, and part of the metal debris has embedded the pothole. The height difference between the two sides of the composite interface continues to increase, and the particles protrude from the metal matrix. As a result, a large number of metal debris is accumulated at the composite interface, and the ceramic particles continue to resist external wear. Therefore, effectively improve the wear resistance of the material.
Summary
Through the nickel plating on the surface of zirconium corundum ceramic particles to improve the wetting properties of high chromium cast iron. The wear resistant composite materials of ceramic particles and metal matrix are successfully prepared using a method of negative pressure casting by epc. Through the observation of the micro morphology of the composites and the results of the energy spectrum analysis, it is found that the combination mechanism of zirconium corundum and high chromium cast iron is mechanical bonding. After the friction and wear test, the experimental results show that the relative wear resistance of the prepared composites is improved by 1.93 times. Analysing the friction and wear morphology of the composite castings, it can be determined that the wear mechanism is mainly micro-cutting of abrasive grains.
